July 2014 of these functional properties, recombinant tPA and biochemically modified variants of this protein (eg, alteplase, reteplase, or tenecteplase) are clinically used for the dissolution of fibrin clots in thromboembolic events. 13 In addition to their prominent role in the fibrinolytic system, plasmin and its activators have been implicated in different (patho)physiological processes such as cell adhesion and migration. 5, [8] [9] [10] [11] [12] In the context of I/R, the single components of the fibrinolytic system are increasingly recognized as individual and autonomous mediators: Plasmin has been demonstrated to contribute to leukocyte infiltration of reperfused tissue largely via its proteolytic properties, 14 whereas the serine protease urokinase-type plasminogen activator has been shown to regulate postischemic leukocyte responses independently of its proteolytic properties via receptor-mediated processes. 15 Recently, it has been reported that also tPA is critically involved in the pathogenesis of I/R injury. [16] [17] [18] [19] The underlying mechanisms remained largely unclear.
Here, we demonstrate that endogenously released leukocyte and nonleukocyte tPA promote the recruitment of neutrophils to reperfused tissue via both its proteolytic and nonproteolytic properties, but without effects on fibrinogen deposition at the postischemic vessel wall: In the initial reperfusion phase, tPA is thought to selectively mediate transmigration of neutrophils through proteolytic activation of plasminogen and, in turn, of gelatinases. As a consequence, tPA on transmigrating neutrophils enhances microvascular permeability, allowing circulating tPA to extravasate to the perivascular tissue. Extravasated tPA, in turn, amplifies postischemic neutrophil recruitment through the activation of perivascular mast cells and release of lipid mediators. Hence, we provide novel insights into the nonfibrinolytic properties of tPA uncovering a crosstalk between the fibrinolytic system and the inflammatory response, which specifically regulates distinct steps of the recruitment process of neutrophils.
Materials and Methods
Materials and Methods are available in the online-only Supplement.
Results

Role of tPA in Postischemic Leukocyte Recruitment
In a first set of experiments, the role of tPA for the single steps in the recruitment process of leukocytes was characterized in the postischemic mouse cremaster muscle by using in vivo transillumination microscopy ( Figure 1A) . Surgical preparation of the cremaster muscle induced leukocyte rolling in postcapillary venules. At baseline conditions before induction of ischemia as well as after 60 and 120 minutes of reperfusion, no significant differences were observed in the numbers of rolling leukocytes among experimental groups (data not shown).
At baseline conditions, the number of leukocytes attached to the inner vessel wall of postcapillary venules was low and did not differ among experimental groups ( Figure 1B) . In contrast, after induction of reperfusion, there was a significant elevation in the numbers of firmly adherent leukocytes as compared with sham-operated animals. This elevation was significantly diminished in tPA-deficient mice after 120 minutes, but not after 60 minutes of reperfusion.
Before ischemia, only few transmigrated leukocytes were found within the perivenular tissue ( Figure 1C ). In contrast, the number of transmigrated leukocytes significantly increased after the onset of reperfusion as compared with sham-operated mice. This increase was significantly attenuated in tPA-deficient mice after 60 and 120 minutes of reperfusion.
Role of Leukocyte Versus Nonleukocyte tPA in Postischemic Leukocyte Recruitment
In additional experiments, the expression of tPA in the cremaster muscle of wild-type (WT) mice was analyzed. Immunostaining and confocal microscopy of cremasteric tissue whole mounts revealed that tPA is primarily localized on PECAM-1 + Gr-1 − endothelial cells of postischemic microvessels ( Figure 1D ). In addition, a strong expression of tPA was found on the surface of Gr-1 + neutrophils/monocytes. As negative controls, the expression of tPA was not detected in tPA −/− mice as well as in WT mice receiving a control antibody instead of the anti-tPA antibody ( Figure IV in the online-only Data Supplement). Using flow cytometry, the expression of tPA was confirmed in isolated murine endothelial cells and neutrophils ( Figure 1E ).
To evaluate the relative contribution of leukocyte versus nonleukocyte tPA for postischemic leukocyte responses, cell transfer techniques were used ( Figure 1F and 1G). In postcapillary venules of the cremaster muscle, the numbers of adherent and transmigrated WT donor cells were significantly reduced in tPA-deficient recipient mice as compared with WT mice receiving cells from WT donors after 60 and 120 minutes of reperfusion. Similarily, the number of adherent cells of tPA-deficient donors was significantly diminished in WT recipients after 60 and 120 minutes of reperfusion, whereas the number of transmigrated cells of tPA-deficient donors was significantly diminished in WT recipients only after 120 minutes of reperfusion.
To measure neutrophil activation, surface expression of CD62L/L-selectin and of the integrin CD11b/Mac-1 was determined on isolated bone marrow neutrophils before delivery into recipient mice by flow cytometry. As expected, surface expression of CD62L/L-selectin on unstimulated neutrophils isolated from the bone marrow of WT mice was high, and surface expression of CD11b/Mac-1 was low. On stimulation with the potent neutrophil-activating mediator formylmethionyl-leucyl-phenylalanine (1, 10, or 100 ng), however, there was a significant and dose-dependent increase in the surface expression of CD11b/Mac-1 as well as in the surface shedding of CD62L/L-selectin ( Figure II Data Supplement). These data indicate that neutrophils, which were isolated from the bone marrow, rest in a low activation state before delivery into recipient mice.
Role of tPA in Postischemic Microvascular Fibrinogen Deposition
Because tPA is the principal activating protease in plasminmediated fibrinolysis, 11, 20 the role of fibrin(ogen) and its degradation products for postischemic leukocyte responses was determined. Functional antibody blockade of fibrin(ogen) and its degradation products significantly diminished I/R-elicited intravascular firm adherence ( Figure IA Noteworthy, it cannot be excluded that the fluorescence signal at the vessel wall might be in part caused by flowing Alexa488-labeled fibrinogen and that this background signal might prevent discernment of differences in adherent fibrin(ogen) between WT and tPA-deficient mice.
Effect of Recombinant Murine tPA and tPA Mutants on Leukocyte Recruitment
To directly investigate the effect of tPA ( Figure 2G ) on the single steps of the leukocyte extravasation cascade, recombinant murine tPA was applied either into the systemic circulation or into the extravascular compartment. Intra-arterial application of tPA did not significantly alter the number of rolling (Figure 2A ), firmly adherent ( Figure 2C ), or transmigrated leukocytes ( Figure 2E ). In contrast, intrascrotal stimulation with tPA caused a dose-dependent increase in the numbers of firmly adherent and transmigrated leukocytes as compared with PBS-treated control animals, whereas leukocyte rolling was not significantly changed. Because the highest dose of tPA applied (1.0 μg) induced robust leukocyte responses, this dose was used in additional experiments.
In this context, the effect of different tPA mutants on the single steps of the leukocyte extravasation cascade was analyzed. As demonstrated above, intrascrotal stimulation Effect of tissue-type plasminogen activator (tPA) on rolling, firm adherence, and transmigration of leukocytes. Using in vivo transillumination microscopy, leukocyte rolling, firm adherence, and transmigration were quantified in postcapillary venules of the cremaster muscle of wild-type mice after intra-arterial or intrascrotal application of PBS or varying doses of recombinant murine tPA (A, C, and E) as well as after intrascrotal stimulation with different tPA mutants (B, D, and F; mean±SEM for n=3-5 per group; #P<0.05 vs control; *P<0.05 vs native tPA). A schematic illustration of the multidomain structure of tPA is shown (G).
with native tPA induced a significant elevation in intravascular adherence ( Figure 2D ) and transmigration of leukocytes ( Figure 2F ), but did not alter leukocyte rolling ( Figure 2B ). This elevation was significantly lower in animals receiving MTPA-S481A (nonenzymatic murine tPA) or MTPA-ALANC (nonenzymatic and noncleavable murine tPA), but remained at a similar level on stimulation with MTPA-NC (noncleavable murine tPA). . Results for sham-operated wild-type (WT) mice as well as for WT and tPA −/− mice undergoing ischemia/reperfusion (I/R; B). Results for WT mice undergoing intrascrotal stimulation with recombinant murine tPA, different tPA mutants, or compound 48/80 (C). Results for PBS-treated WT mice and for WT mice receiving cromolyn or drug vehicle undergoing intrascrotal stimulation with tPA (D). Tissue RNA expression of 5-lipoxygenase (5-LO) and lyso-platelet-activating factor acetyltransferase (LCAT) was determined in the cremaster muscle on I/R (E) or intrascrotal stimulation with tPA (F) using reverse transcription-polymerase chain reaction (mean±SEM for n=4 per group; #P<0.05 vs control/sham; *P<0.05 vs WT). July 2014
Role of Plasmin and Gelatinases in tPA-Elicited Leukocyte Recruitment
In additional experiments, we sought to analyze the mechanisms underlying tPA-dependent leukocyte recruitment in more detail. tPA is known to promote plasmin-dependent activation of gelatinases (matrix metalloproteinase [MMP]-2 and MMP-9). 8 The application of ε-aminocaproic acid or tranexamic acid (lysine analogs that inhibit plasmin activity) or of MMP-2/ MMP-9 inhibitor III (which inhibits the activity of gelatinases) selectively reduced tPA-elicited transmigration of leukocytes without effects on leukocyte intravascular rolling or adherence ( Figure 3A-3C ). As demonstrated before, 14 intrascrotal stimulation with plasmin induced a significant elevation in the numbers of intravascularly adherent and transmigrated leukocytes, but did not alter the number of rolling leukocytes ( Figure 3D-3F ). On inhibition of gelatinases, the transmigration of leukocytes was selectively diminished.
In separate experiments, MTPA-S481A-elicited intravascular firm adherence, but not rolling and transmigration of neutrophils, was found to be significantly reduced on the application of tranexamic acid or ε-aminocaproic acid (which inhibits the binding of the kringle domain of tPA to the cells; Figure III in the online-only Data Supplement).
Role of Mast Cells, Protein Synthesis, and Lipid Mediator Generation in tPA-Elicited Leukocyte Recruitment
Previous in vitro studies identified mast cells as target cells of tPA. 21 As a measure of activated mast cells, the number of ruthenium red-positive cells was determined in cremasteric tissue whole mounts ( Figure 4A ). On I/R, there was a significant elevation in the numbers of ruthenium red-positive cells as compared with sham-operated control animals, which was significantly reduced in tPA −/− animals ( Figure 4B ). Moreover, intrascrotal stimulation with native tPA or with tPA mutants lacking the catalytic domain or being resistant to cleavage by plasmin caused a marked and comparable increase in the number of ruthenium red-positive cells ( Figure 4C ). The application of cromolyn, an inhibitor of mast cell degranulation, completely abrogated the tPA-elicited increase in the numbers of ruthenium red-positive cells ( Figure 4D ). Using reverse transcription polymerase chain reaction, we further detected a significant elevation in tissue RNA expression of lyso-platelet-activating factor (PAF) acetyltransferase (LCAT; enzyme facilitating PAF synthesis) and a significant decrease in RNA expression of 5-lipoxygenase (5-LO; enzyme facilitating leukotriene synthesis) on I/R. Whereas the postischemic increase of LCAT RNA was only slightly, but not significantly, lower in tPA-deficient animals than in WT animals, RNA levels of 5-LO were significantly higher in tPA-deficient mice than in WT mice returning to values of sham-operated animals ( Figure 4E ). In line with these results, intrascrotal stimulation with tPA induced only a slight increase in tissue RNA expression of LCAT and a significant decrease in the RNA expression of 5-LO ( Figure 4F ) as compared with control animals receiving an intrascrotal injection of the inert protein albumin.
In additional experiments, we sought to characterize the functional relevance of protein synthesis, mast cell degranulation, and lipid mediator generation for tPA-dependent leukocyte responses: The application of actinomycin D (which inhibits protein synthesis) completely abolished tPA-elicited leukocyte responses ( Figure 5A-5C ). Noteworthy, treatment with MK-886 (which inhibits the enzyme activity of 5-LO) as well as blockade of the PAF receptor (with BN52021), but not inhibition of prostaglandin synthesis (with the cyclooxygenase inhibitor indomethacin), significantly attenuated tPA-elicited leukocyte recruitment ( Figure 5D-5F ). Moreover, cromolyn prevented tPA-dependent leukocyte adherence ( Figure 5E ) and transmigration ( Figure 5F ) without affecting the number of rolling leukocytes ( Figure 5D ).
Systemic Leukocyte Counts and Microhemodynamic Parameters
Inner vessel diameters, blood flow velocities, and shear rates of analyzed postcapillary venules as well as systemic leukocyte counts were determined to ensure intergroup comparability ( 
Phenotyping of Transmigrated Leukocytes
Phenotyping of transmigrated leukocytes was performed by immunostaining of paraffin-embedded tissue sections of the cremaster muscle. In response to I/R or on stimulation with tPA, >80% of transmigrated CD45-positive leukocytes were Ly-6G-positive neutrophils. The remaining 10% to 20% were F4/80-positive monocytes/macrophages.
Role of tPA in Postischemic Microvascular Leakage
The breakdown of microvascular barrier function is another critical event in the pathogenesis of I/R injury. As a measure Figure 6 . Role of tissue-type plasminogen activator (tPA) for the regulation of postischemic microvascular permeability. As a measure of microvascular permeability, leakage of fluorescein isothiocyanate (FITC) dextran into the perivascular space was quantified using in vivo fluorescence microscopy (A; scale bar, 50 μm). Results for sham-operated wild-type (WT) mice as well as for WT and tPA-deficient mice undergoing ischemia/reperfusion (B). Results for PBS-treated WT mice as well as for WT mice undergoing intrascrotal stimulation with varying doses of recombinant murine tPA or with different tPA mutants (C). Results for PBS-treated WT mice as well as for WT mice receiving a neutrophil-depleting anti-Ly6G antibody or isotype control antibody undergoing intrascrotal stimulation with tPA (D). Macromolecular permeability of microvascular endothelial cell layers was measured on exposure to varying concentrations of tPA (E) as well as on addition of receptor-associated protein (RAP) or plasminogen activator inhibitor type-1 (PAI-1; F; mean±SEM for n=4-5 per group; #P<0.05 vs sham/control; *P<0.05 vs WT/isotype control). of microvascular permeability, the leakage of macromolecule fluorescein isothiocyanate dextran into the perivascular tissue was determined by using fluorescence in vivo microscopy on the mouse cremaster muscle ( Figure 6A ). On I/R (30/150 minutes), there was a significant elevation in the leakage of fluorescein isothiocyanate dextran as compared with shamoperated mice ( Figure 6B ). This elevation was significantly reduced in tPA-deficient mice. Furthermore, direct stimulation with tPA or different tPA mutants ( Figure 6C ) caused a dosedepedent increase in the leakage of fluorescein isothiocyanate dextran, which was almost completely abolished in animals depleted of neutrophils ( Figure 6D) .
To further characterize the potential direct effects of tPA on microvascular barrier dysfunction, macromolecular permeability of microvascular endothelial cell layers was analyzed in vitro. The exposure to tPA induced a concentration-dependent increase in the macromolecular permeability of microvascular endothelial cell layers ( Figure 6E) , which was completely abrogated on the inhibition of enzymatic activity (by the addition of tPA inhibitor plasminogen activator inhibitor type-1; Figure 6F ), but not significantly altered on the blockade of tPA receptor low-density lipoprotein receptor-related protein (by the addition of receptor-associated protein).
Discussion
I/R injury is the most common cause for organ dysfunction and failure after myocardial infarction, hemorrhagic shock, and stroke. 1 In addition to its fundamental role in the fibrinolytic system, tPA has recently been implicated in the pathogenesis of I/R injury. [16] [17] [18] [19] The underlying mechanisms remained largely unclear.
Leukocyte recruitment from the microvasculature to the site of inflammation is a key event in the inflammatory response on I/R. [2] [3] [4] [5] [6] In a first set of experiments, we sought to evaluate the role of tPA in the leukocyte extravasation process. Using near-infrared transillumination in vivo microscopy on the mouse cremaster muscle, we found that neutrophil infiltration of postischemic tissue was significantly diminished in tPA-deficient animals. These results confirm recent observations documenting that tPA promotes neutrophil recruitment in I/R injury of kidney or lung. 17, 19 Moreover, our data revealed that tPA selectively mediates transendothelial migration of neutrophils in the initial reperfusion phase, whereas at later time points, tPA is already involved in leukocyte intravascular accumulation. These findings point to a highly coordinated involvement of tPA in the leukocyte extravasation process.
Endothelial cells constantly release tPA into the bloodstream, where it maintains the blood flow by preventing thrombus formation. 11 Accordingly, tPA was primarily detected on the endothelium of cremasteric microvessels. Notably, high expression levels of tPA were also identified on the surface of neutrophils. Whether leukocyte or nonleukocyte tPA promotes the recruitment of neutrophils to the postischemic tissue remained unknown. To address this question, we performed cell transfer experiments. Our in vivo microscopy data indicate that leukocyte and nonleukocyte tPA equally contribute to I/R-elicited intravascular adherence and transmigration of neutrophils.
In postischemic tissues, endothelial cells acquire a procoagulant phenotype, which results in fibrinogen deposition on the microvascular endothelium. 22, 23 Following previous observations, 24 we demonstrate that fibrin(ogen) or its degradation products are involved in neutrophil recruitment to the reperfused tissue. Because tPA is the principal activator of plasmin-mediated fibrinolysis, we hypothetized that tPA might modulate postischemic leukocyte responses through the effects on microvascular fibrinogen deposition. Interestingly, however, fibrinogen accumulation in the cremasteric microvasculature was not significantly altered by tPA deficiency, strongly suggesting that tPA mediates I/R-elicited extravasation of neutrophils independently of its fibrinolytic properties.
To further elucidate the mechanisms underlying tPAdependent neutrophil recruitment, we directly analyzed the effect of tPA on the single steps of the leukocyte extravasation cascade. The administration of recombinant murine tPA into the systemic circulation did not induce significant leukocyte responses. In this regard, physiological inhibitors of tPA, such as plasminogen activator inhibitor type-1, are thought to limit excessive tPA activity in the vascular compartment, thereby preventing hyperfibrinolytic effects of this serine protease. In the postischemic inflammatory response, however, microvascular permeability immediately increases, enabling circulating tPA to extravasate to the perivascular tissue. Here, we demonstrate that extravascular administration of tPA causes a dose-dependent elevation in the numbers of intravascularly adherent and transmigrated neutrophils. Moreover, we found that this elevation was significantly higher as compared with stimulation with a tPA mutant lacking its catalytic domain. These data indicate that neutrophil responses elicited by tPA are mediated via both its proteolytic and nonproteolytic properties. Because urokinase-type plasminogen activator has previously been demonstrated to support extravasation of neutrophils largely through nonproteolytic, receptor-mediated mechanisms, 15 our observations unravel the individual roles of the plasminogen activators urokinase-type plasminogen activator and tPA in the leukocyte recruitment process.
On binding to fibrin, single-chain tPA is converted by plasmin into a double-chain molecule, thereby enabling efficient fibrinolysis. 15 In terms of leukocyte recruitment, we found that native tPA exhibits similar effects as compared with a tPA mutant resistant to cleavage by plasmin. Plasmin-dependent proteolytic processing of single-chain tPA is, therefore, thought to be dispensable for tPA-dependent neutrophil responses.
Previously, it has been reported that tPA itself is not able to attract neutrophils. 17, 19 Consequently, extravasated tPA might mediate neutrophil recruitment via indirect effects. Because of their close vicinity to microvessels and their ability to produce a variety of inflammatory factors (eg, PAF, leukotrienes, or prostaglandins), 25, 26 tissue mast cells might serve as target cells of extravasated tPA. In the present study, we found that postischemic mast cell activation was significantly reduced in tPA −/− animals. Moreover, we show that extravascular administration of tPA potently activates perivascular tissue mast cells, extending in vitro observations because tPA directly induced degranulation of cultured mast cells. 21 In accordance with these results, we also demonstrate that the inhibition of mast cell activation almost completely abolished tPA-elicited neutrophil responses, indicating that extravasated tPA supports postischemic neutrophil recruitment indirectly via intermediate activation of perivascular tissue mast cells.
In addition to its proteolytic effects, tPA has recently been supposed to exhibit nonproteolytic properties. 27, 28 Here, we demonstrate that neutrophil recruitment elicited by the nonproteolytic properties of tPA is at least partially dependent on the binding of tPA to cells via its kringle domains. Furthermore, our data suggest that tPA promotes leukocyte recruitment in the postischemic inflammatory response through the generation of PAF and leukotrienes (eg, via activation of mast cells and recruitment of neutrophils, which constitutively express the lipid mediator-generating enzymes LCAT and 5-LO), but without inducing de novo RNA synthesis of LCAT and 5-LO. Hence, our observations indicate that extravasated tPA amplifies intravascular accumulation and transmigration of neutrophils to postischemic tissue via the activation of mast cells and release of lipid mediators.
Besides its effector function in the fibrinolytic system, plasmin is thought to activate MMPs (eg, gelatinases [MMP-2 and MMP-9]) by proteolytic processing. 10 According to their ability to cleave junctional proteins (eg, occludin, claudin-5, or vascular endothelial-cadherin) and to degrade components of the perivenular basement (eg, collagen IV, laminin), gelatinases have been implicated in the transmigration of leukocytes. 29, 30 In our experiments, we found that tPA-dependent transmigration of neutrophils was significantly diminished on blockade of plasmin or gelatinases, whereas intravascular leukocyte accumulation remained unaltered. In addition, we show that plasmin-dependent neutrophil transmigration was selectively reduced on the blockade of gelatinases, collectively indicating that tPA mediates neutrophil transmigration through proteolytic activation of plasmin and, in turn, of gelatinases.
During their transmigration, neutrophils are thought to induce the opening of endothelial junctions 31 as well to initiate remodeling processes within the perivenular basement membrane. 14, 21, 30, 32 Subsequently, microvascular permeability rapidly increases, ultimately leading to tissue edema, which represents another hallmark of I/R injury. With respect to our previous findings, tPA might, therefore, also be involved in the evolution of postischemic microvascular barrier dysfunction. We found that I/R-elicited microvascular leakage was significantly diminished in tPA −/− mice, supporting previous reports documenting that tPA promotes I/R-elicited lung edema. 19 Moreover, we demonstrate that direct stimulation with tPA induced a significant elevation in microvascular permeability, which was nearly abolished in neutrophil-depleted animals. These data indicate that tPA-dependent microvascular leakage is mediated by neutrophils, extending previous observations because therapeutic application of recombinant tPA enhanced leakage of the blood-brain barrier in experimental stroke. 23 Furthermore, we show that exposure to tPA induced a significant increase in the macromolecular permeability of microvascular endothelial cell layers in vitro, which was completely abrogated on the inhibition of protease activity, but remained unaffected on blockade of low-density lipoprotein receptorrelated protein, which is an endothelially expressed receptor for tPA and other ligands. Consequently, tPA on extravasating neutrophils is thought to promote the breakdown of the microvascular barrier during I/R via its proteolytic properties and independently of low-density lipoprotein receptor-related protein. Interestingly, tPA-elicited leakage of the blood-brain barrier strictly required low-density lipoprotein receptorrelated protein-dependent signaling, 27, 29, 33, 34 unveiling a divergent regulation of microvascular permeability in the central nervous system and in peripheral tissues.
In conclusion, our experimental data demonstrate that endogenously released leukocyte and nonleukocyte tPA coordinately promote the extravasation of neutrophils to postischemic tissue via both its proteolytic and nonproteolytic properties, but without effects on microvascular fibrinogen deposition: In the initial reperfusion phase, tPA is thought to selectively mediate transmigration of neutrophils through proteolytic activation of plasmin(ogen) and, in turn, of gelatinases. As a consequence of these events, tPA on transmigrating neutrophils enhances microvascular permeability, thereby enabling circulating tPA to extravasate to the perivascular tissue. Subsequently, extravasated tPA amplifies postischemic neutrophil recruitment through the activation of perivascular mast cells and release of lipid mediators. Our findings provide novel insights into the nonfibrinolytic properties of tPA uncovering a crosstalk between the fibrinolytic system and the postischemic inflammatory response, which specifically regulates distinct steps in the recruitment process of neutrophils.
Neutrophil recruitment to the perivascular tissue considerably contributes to organ dysfunction and failure on ischemia/reperfusion injury in myocardial infarction, stroke, and transplantation. Beyond its established role in fibrinolysis, tissue-type plasminogen activator has recently been implicated in nonfibrinolytic processes. The role of this serine protease in the recruitment process of neutrophils remained largely obscure. Here, we demonstrate that endogenously released tissue-type plasminogen activator mediates transmigration of neutrophils to postischemic tissue via proteolytic activation of plasminogen and gelatinases, but independently of microvascular fibrinogen deposition. Subsequently, transmigrating neutrophils disrupt endothelial junctions, allowing tissue-type plasminogen activator to extravasate to the perivascular tissue, which, in turn, amplifies postischemic neutrophil responses through the activation of mast cells and release of lipid mediators. Hence, we provide novel insights into the nonfibrinolytic properties of tissue-type plasminogen activator uncovering a crosstalk between the fibrinolytic system and the inflammatory response, which specifically regulates distinct steps of the postischemic recruitment process of neutrophils.
Significance
